Former foster youth are at increased risk of housing instability and sexually transmitted infections (STIs) during the transitional period following foster care. We measured housing stability using sequence analysis and assessed whether a supportive housing program in New York, New York, was effective in improving housing stability and reducing STIs among former foster youth. Matched administrative records identified 895 former foster youth who were eligible for the housing program during 2007-2010. The main outcomes included housing stability (as determined from episodes of homelessness, incarceration, hospitalization, and residence in supportive housing) and diagnosed STI case rates per 1,000 person-years during the 2 years after baseline. Marginal structural models were used to assess impacts of the program on these outcomes. Three housing stability patterns (unstable housing, stable housing, and rare institutional dwelling patterns) were identified. The housing program was positively associated with a pattern of stable housing (odds ratio = 4.4, 95% confidence interval: 2.9, 6.8), and negatively associated with diagnosed STI rates (relative risk = 0.3, 95% confidence interval: 0.2, 0.7). These positive impacts on housing stability and STIs highlight the importance of the supportive housing program for youths aging out of foster care and the need for such programs to continue. Approximately 24,000 foster youth in the United States age out of foster care annually (1). These youth are at high risk of housing instability during the transitional period after leaving foster care, which is approximately from ages 18-26 years. In a longitudinal study of foster youth from Midwestern states, 36% experienced homelessness between the ages of 19 and 26 years (2). These unstable housing experiences are not only indicative of challenging social integration after leaving foster care (3) but are also associated with risky sexual behaviors, such as sex exchange and inconsistent condom use (4, 5), and unmet health-care needs (6). On the other hand, stable housing has been postulated to help youth avoid engaging in risky sexual behaviors via psychological (e.g., improved selfesteem) and structural (e.g., drug use policies, eviction rules) mechanisms, as seen among female drug users who were less likely to have sex for drugs and money if they were stably housed (7, 8) . To provide needed assistance with housing and to address potential health risk, various housing interventions have been implemented (9). One recent example is a joint effort initiated by New York City and New York State in 2007 to provide supportive housing for persons at risk of homelessness, including young adults aging out of foster care (New York City/New York State-Initiated Third Supportive Housing Program (NYNY III)) (10). However, little is known about the impacts of supportive housing on housing stability during the transitional period among former foster youth.
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Approximately 24,000 foster youth in the United States age out of foster care annually (1) . These youth are at high risk of housing instability during the transitional period after leaving foster care, which is approximately from ages 18-26 years. In a longitudinal study of foster youth from Midwestern states, 36% experienced homelessness between the ages of 19 and 26 years (2) . These unstable housing experiences are not only indicative of challenging social integration after leaving foster care (3) but are also associated with risky sexual behaviors, such as sex exchange and inconsistent condom use (4, 5) , and unmet health-care needs (6) . On the other hand, stable housing has been postulated to help youth avoid engaging in risky sexual behaviors via psychological (e.g., improved selfesteem) and structural (e.g., drug use policies, eviction rules) mechanisms, as seen among female drug users who were less likely to have sex for drugs and money if they were stably housed (7, 8) . To provide needed assistance with housing and to address potential health risk, various housing interventions have been implemented (9) . One recent example is a joint effort initiated by New York City and New York State in 2007 to provide supportive housing for persons at risk of homelessness, including young adults aging out of foster care (New York City/New York State-Initiated Third Supportive Housing Program (NYNY III)) (10). However, little is known about the impacts of supportive housing on housing stability during the transitional period among former foster youth.
Methodological difficulties present challenges in the assessment of the impact of interventions on housing stability. Traditional analyses typically dichotomize or aggregate temporal information using mean-or frequency-based measures (e.g., mean time spent in supportive housing, total numbers of homelessness) that might not fully capture the impacts over time of housing instability caused by homelessness, incarceration, or hospitalization (4, 11) . For example, if each of 2 time-aggregated measures of incarceration and homelessness (length and frequency) is categorized into 2 groups by median, 16 distinct groups (low vs. high jail or shelter stay × low vs. high jail or shelter episodes) can be defined. More refined categorization and the inclusion of additional housing events will greatly increase the number of patterns, which makes generalizability of findings challenging. Sequence analysis offers an alternative to traditional measures because it can capture both sequence and duration of multiple housing events to create discrete groupings of housing trajectories (12) . To assess the impact of supportive housing on housing stability in former foster youth, we used sequence analysis to identify housing stability patterns that were defined as continuous housing experiences rarely disrupted by homelessness, incarceration, and hospitalizations. We tested the hypothesis that NYNY III is effective in improving housing stability among former foster youth eligible for the program. Additionally, to test the hypothesis that housing stability is effective in reducing sexually transmitted infections (STIs) among former foster youth (13), we examined whether housing stability via the NYNY III was associated with decreased STI rates.
METHODS

Population and data sources
The NYNY III program for young adults aging out of foster care provides affordable housing and access to various supportive services to help achieve independent lives, including case management, job training, and education support, and provides connections to physical and mental health services. To be eligible for this program, young adults must be 1) aged 18 to 25 years, and 2) leaving foster care within the next 6 months, have left foster care within 2 years, or have been in foster care for more than 1 year after their 16th birthday. Details about NYNY III can be found elsewhere (10) . This evaluation focused on 895 young adults who were eligible for the young adult program in 2007-2010. The evaluation period consisted of 2 years before and 2 years after the eligibility date (i.e., baseline), which allowed for capturing sufficient data about service/benefit utilization and health conditions before and after baseline.
Data for this evaluation came from multiple sources. We matched records for persons eligible for the NYNY III program using administrative records in 2005-2012 on New York City jail incarceration, New York City adult/family homeless shelters, New York State psychiatric facilities, Medicaid, cash assistance, food stamps, and New York City subsidized housing (e.g., NYNY III housing, housing for people with human immunodeficiency virus/acquired immune deficiency syndrome). We also matched information for NYNY III-eligible persons to records from several New York City health registries in 2005-2011 (mortality, human immunodeficiency virus, and STI surveillance databases). An independent human review of sample cases concluded that matching performance was acceptable (sensitivity of 93% and specificity of 96%). The Institutional Review Board of the New York City Department of Health and Mental Hygiene determined that this evaluation was not human subjects research and therefore not under its purview.
Treatment and comparison group assignment
Eligible applicants were categorized into treatment and comparison groups. The treatment group consisted of eligible applicants who were placed in NYNY III for more than 7 days, which was considered to be the minimum time to receive any benefit from supportive housing. The comparison group contained those placed in NYNY III for 7 days or less and those not placed in NYNY III. An intent-to-treat approach was used where NYNY III participants remained in the treatment group even if they dropped out or were subsequently placed in other housing programs. Similarly, persons in the comparison group who were placed in other conventional government-subsidized housing programs were retained in the analysis (see the full list of programs in Web Appendix 1, available at https://academic.oup.com/aje). NYNY III placement (i.e., treatment assignment) was not a random process, and housing providers selected program participants among eligible applicants using placement interviews.
Variables
The main outcome was housing stability during the 2 years after baseline, which was defined as the first date a person became eligible for NYNY III. Sequence analysis was used to identify and define housing stability patterns (see a description of sequence analysis methods in the statistical analysis section).
A second outcome was diagnosed STI case rates (chlamydia, gonorrhea, and syphilis) during the 2 years after baseline. Because a person could have multiple STIs during the 2 years, we calculated the total number of STIs per individual as the numerator for rate calculations. Because STI case reports for this evaluation were available only through December 31, 2011, persons who became eligible after January 1, 2009, did not have a 2-year follow-up time. For these persons, person-time was calculated based on the time between the first eligibility date and December 31, 2011.
A large number of covariates were included to describe and adjust for differences in baseline demographics, clinical characteristics, and pretreatment service/benefit utilization (see the full list of covariates in Web Appendix 2). In addition, housing stability patterns for 1 year prior to baseline were estimated using sequence analysis and included as a covariate.
Statistical analysis
Sequence analysis. We performed sequence analysis to identify distinctive patterns of housing stability among the evaluation population for 2 periods-before baseline (1 year prior to eligibility) and after baseline (2 years after eligibility). Sequence analysis is a statistical method that generates nonoverlapping groups of individuals who share similar sequences of events by comparing individual-level sequences among all possible pairs of individuals. Unique temporal patterns are determined based on duration and sequencing of events (11, 12) . We used 5 types of events for this analysis: jail incarceration, shelter use, hospitalization (i.e., hospitalizations reported by Medicaid claims or New York state psychiatric institutes), supportive housing placement (i.e., NYNY III or other government subsidized housing placement), or no institutional stay/supportive housing. Records were divided into time periods of 30 days, and each housing status was assigned to each 30-day period. For example, if a person was admitted to the hospital during a specific 30-day period, it was indicated that a hospitalization event took place during that period. If none of these 4 types of events occurred during a particular 30-day period, it was indicated that the person did not have institutional stays or supportive housing placement; the specifics of a person's residence were unknown but could have included independent housing, street homelessness, or having moved outside of New York City. If more than 2 types of events occurred within a 30-day period, which occurred in less than 1% of total cases, the number of days associated with each was counted, and the event with the higher number was assigned to that period. If the events were of equal duration, the event that was less prevalent in the overall individual-level sequence was assigned. We assessed and summarized the degree of dissimilarity in sequences using an algorithm known as Levenshtein distance (14) . Specifically, we reconciled differences in 2 sequences by inserting, deleting, or substituting monthly events. The Levenshtein distance allowed us to find an optimal solution for this editing process (i.e., minimum numbers of edits) and translate the solution into scores (12) . The process was repeated over all possible pairs and summarized as a distance matrix. We then performed a hierarchical cluster analysis with the Ward method, which resulted in nonoverlapping clusters representing trajectories of housing stability defined by both duration and sequence. The optimal number of clusters was determined when within-cluster heterogeneity was at least half of between-cluster heterogeneity and this within-and betweencluster ratio was substantially decreased by adding one more cluster to the cluster solution (15) . Because of the intent-totreat approach, the same pattern of housing stability (i.e., continuous housing rarely disrupted by jail incarceration, shelter use, and hospitalization events) could occur in either the treatment or comparison groups. Inverse probability of treatment weight and marginal structural modeling. We used inverse probability of treatment weight (IPTW) to control for observed differences in baseline characteristics and prebaseline housing stability pattern between treatment and comparison groups that resulted from the nonrandom treatment assignments. Specifically, we created a propensity score model using treatment (dependent variable) and covariates that were identified as potential confounders (list of independent variables in Web Appendix 2) to obtain an individual's probability of being in the treatment group (i.e., propensity score). The inverse of this propensity score was used as IPTW. To minimize influences from large weights, we multiplied the IPTW by the marginal probability of treatment, creating stabilized IPTWs (16) . Weighted data met 3 causal inference assumptions, including exchangeability, positivity, and stable unit treatment value (see Web Table 1 ) (17) . A marginal structural model was used to estimate the relationship between treatment and outcome, while adjusting for confounding via IPTW and strengthening causal inference (16) . This model makes both treatment and comparison groups similar except for the contrary exposure condition (i.e., counterfactual condition), and generates an average treatment effect in the study population (16) . Specifically, a marginal structural multinomial model was used for the housing stability outcome, and a marginal structural rate model with the offset of log person time was used for the STI outcome. A sandwich estimator for variance and a corresponding P value were calculated because this estimator was robust against model misspecification.
Statistical significance was tested using 2-sided tests (P < 0.05). Sequence analysis was performed using TraMineR and cluster packages in R, version 2.14.2 (R Foundation for Statistical Computing, Vienna, Austria). The marginal structural multinomial model was fitted using SUDAAN, version 11.0 (RTI International, Research Triangle Park, North Carolina). All other analyses were performed using SAS, version 9.2 (SAS Institute, Inc., Cary, North Carolina).
RESULTS
Young adults placed in NYNY III were less likely to have a mental illness or use substances, based on codes from the International Classification of Diseases, Ninth Revision, than were those who were eligible but not placed in the program (Table 1) . Placed persons were also more likely to be older (average age 19 years vs. 18 years), obtain high-school diplomas or higher degrees, and be capable of performing daily activities independently.
We examined housing stability patterns during the 1 year prior to baseline. Four patterns were identified: 1) foster care, 2) stable housing, 3) increasing shelter use, and 4) extensive hospitalization (Web Figure 1) . Overall, 88% of the cohort rarely stayed in any of the 4 institutions (supportive housing, jail, shelter, or hospital). Because recent foster care placement was required to be eligible for the program, we considered time outside of the 4 institutions as a potential foster care stay (foster care). Three percent spent time in conventional governmentsubsidized housing programs without much interruption (stable housing), while 6% increasingly used homeless shelters in the later months (increasing shelter use). The remaining 3% exhibited extensive hospitalization patterns (extensive hospitalization). Distributions of prebaseline patterns were similar between treatment and comparison groups, except that the percentage of individuals with extensive hospitalization was higher in the comparison group (4% vs. none in the treatment group), reflecting the higher prevalence of mental illness in this group. We assessed housing stability during 2 years after baseline. Sequence analysis identified 3 patterns: 1) unstable housing, 2) rare institutional dwelling, and 3) stable housing (Figure 1) . Twenty-five percent of the cohort followed the pattern characterized by extensive institutional stays and frequent transitions between different types of events (unstable housing), whereas 52% had little experience of institutional stays/supportive housing placement during 2 years (rare institutional dwelling). The remaining 23% were consistently housed in the supportive housing programs (stable housing). Jail incarceration, shelter use, hospitalization, and supportive housing placement differed across housing stability patterns (Table 2) . Persons with an unstable housing pattern had more frequent and longer jail incarceration, shelter use, and hospitalization than the others. Duration of supportive housing placement was 614 days on average among young adults with the stable housing pattern, compared with 1 day for those with the rare institutional dwelling pattern.
After controlling for differences in baseline characteristics and prebaseline housing stability pattern between the treatment and comparison groups, 59% of the treatment group exhibited the stable housing pattern, 37% fell into the unstable housing pattern, and 4% into the rare institutional dwelling pattern (Table 3 ). In the comparison group, 7% experienced the stable housing pattern, 19% had the unstable housing pattern, and 74% had rare institutional dwelling pattern. In the marginal structural multinomial model, the odds ratio of experiencing housing stability during the 2 years, as opposed to housing instability, was 4.4 times (95% confidence interval: 2.9, 6.8) higher among treatment vs. comparison groups.
After controlling for potential confounders, the diagnosed STI case rate per 1,000 person-years among the treatment group was 0.3 times that among the comparison group (95% confidence interval: 0.2, 0.7; Table 4 ). Further stratified by postbaseline housing stability patterns, the positive impact of NYNY III placement on STI rates was more pronounced. As shown in Table 4 , diagnosed STI case rates per 1,000 person-years among the comparison group with stable housing (143.6 vs. 22.2; relative risk = 6.5, 95% confidence interval: 2.0, 20.6) or rare institutional dwelling patterns (58.9 vs. 22.2; relative risk = 2.7, 95% confidence interval: 1.1, 6.6) were significantly higher than those among the treatment group with stable housing.
DISCUSSION
We found that among young adults aging out of foster care who were eligible for NYNY III, placement was associated with subsequent housing stability for 2 years. Of those placed in the program, more than half continued to be stably housed, whereas <10% of those who were eligible but not placed in NYNY III were stably housed. We also found decreased STI incidence among those placed in the NYNY III, particularly among those who were stably housed. These findings suggest that supportive housing is effective in providing stable housing and reducing STI among former foster youth.
The current evaluation found that former foster youth placed in the NYNY III program were more likely to be stably housed during the 2-year transitional period. In contrast, among eligible applicants who were not placed in the NYNY III, most fell into the rare institutional dwelling pattern, suggesting that they spent little of this 2-year period staying in the other housing programs, shelters, jails, and hospitals. It may be possible that this group secured independent housing, lived outside of New York City, or experienced other types of homelessness (e.g., street homelessness, doubled-up). Despite uncertainty about their specific housing experiences, we found that those with the rare institutional dwelling pattern were more likely to have increased diagnosed STI incidence rates than those placed in the NYNY III program and with a stable housing pattern.
Even among stably housed individuals, we found higher diagnosed STI rates among the comparison vs. treatment groups, suggesting that placement in supportive housing that targeted young adults aging out foster care, as opposed to conventional housing programs (e.g., housing programs for people living with mental illness or human immunodeficiency virus/acquired immune deficiency syndrome), might play a role in reducing STI risk. A review of the existing STI interventions revealed that a tailored approach to subgroups defined by demographic and behavioral characteristics is more effective than general STI interventions that did not take into account demographic and behavioral characteristics of these groups (18) . If education about sexual behaviors and risks was provided to this group through the NYNY III program, this might explain higher STI risk among the comparison group despite housing stability. In addition, this finding might be explained by the fact that NYNY III is implemented based on the "housing first" model, which posits that providing permanent housing to unstably housed individuals without requiring substance-use or other treatment/services is a prerequisite to health-promoting behaviors and will ultimately improve health outcomes (19, 20) . For example, previous studies found that stable housing experiences were associated with adherence to antiretroviral treatment among people living with human immunodeficiency virus/acquired immune deficiency syndrome (21, 22) . Thus it is possible that the housing-first model resulted in less-risky behaviors compared to those housed individuals in conventional housing programs. Last, the higher STI rates among the comparison group with housing stability, as opposed to the stably housed treatment group, could reflect STI risk factors that might be more prevalent among those in this group but that could not be controlled for due to lack of data. In this evaluation, we found that the unstable housing pattern was not associated with increased STI rates. This is seemingly inconsistent with findings from previous studies that found associations with unstable housing and STI risk factors, such as inconsistent condom use and multiple sex partners (4, 5) . Different measures of housing instability between current and previous studies may account for differences in observed associations. In this evaluation, housing instability was defined based on housing disruptions caused by institutional stays, whereas previous studies used self-reported experiences of homelessness to define housing instability. Individuals with self-reported housing instability in previous studies could be similar to those with the rare institutional dwelling pattern that we describe. One explanation for lack of the increased STI rate in the unstably housed individuals is that they might have had fewer chances to engage in risky sexual behaviors because they spent a substantially longer time in jail and hospitals compared with those with the rare institutional dwelling pattern.
This evaluation had several limitations. First, there were no records on independent housing experiences, residential treatments, and institutional stays outside of New York City. Despite a Weighted by inverse probability of treatment weight. thorough efforts to track institutional stays, we could not characterize time not recorded in administrative data sources. Second, the evaluation followed young adults who were eligible for the NYNY III program. These findings might not be generalizable to the whole population of former foster youth in New York City or elsewhere if there were particular characteristics associated with the program eligibility criteria. Third, STI case rates were based only on diagnosed and reported infections. It is possible that more cases were identified among individuals with stable housing pattern because they had better access to health care, making the estimate of impact of NYNY III on STI rates conservative. Fourth, time-varying confounding was not accounted for because clinical and behavioral data were collected only at baseline. Last, we did not assess impacts of the supportive housing program beyond 2 years after baseline. Despite these limitations, there were also several notable strengths. To our knowledge, this is the first evaluation of housing stability using sequence analysis. By capturing duration and sequence of various housing events, this measurement was more consistent with a robust definition of housing stability. Sequence analysis provided a tool to improve construct validity of the housing-stability indicator compared with time-aggregated measures of each event (23) . Second, use of IPTW to control for confounding allowed for a comparison of treatment and comparison groups, which were nonrandomly assigned. These techniques in combination with data-matching approaches enabled use of administrative data to assess housing stability and its impact on an important health outcome in this potentially vulnerable population.
Supportive housing programs for youth aging out of foster care can provide critical support to foster social integration during an important transitional period. Our findings demonstrate that the one such program, NYNY III, is also effective in providing housing stability during the 2-year transitional period among New York City former foster youth. Furthermore, the impact of the housing program on housing stability was also reflected in decreased STI diagnosis rates, providing evidence that housing stability through the supportive housing program could reduce rates of STI in this group. These results highlight the importance of supportive housing in former foster youth and the need for such programs to continue and expand.
